Little is known regarding American Indian (AI) parental influence on children's diet and physical activity (PA), or if this influence is associated with childhood weight. We compared AI parents' diet, PA, and support for these behaviors with the child's body mass index. Scores for parental support of positive PA and diet were higher among parents of overweight/obese children. Parent PA and nutrition behaviors were in a similar, but not significant, direction with respect to child body mass index. Findings suggest that future research is needed to determine what parental, societal, or community variables influence AI children to engage in healthy eating and PA, especially if they are overweight or obese, and the age at which these variables would have the most impact on these behaviors.
Physical inactivity and high-calorie diets (positive energy balance) increase risk for overweight/obesity. 10 Weight status of parents also influences children's risk for obesity. If a child has 1 or more overweight or obese parent(s), the child has an 80% chance of being obese as an adult. 2 Such associations between child and parent weight status may result from a combination of genetic susceptibility, the home environment, and from adults' healthy diet and physical activity behaviors. While adults can opt to engage in lifestyles to promote healthy weight, youths' choices and health outcomes are often restricted or influenced by parents who model eating and exercise patterns, as well as provide food and opportunities for activity.
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The findings from studies examining the relationships between parent health or support behaviors and measures of child health are somewhat mixed. In 2 studies of regionally representative students, the youths consumed more fruit and vegetables when they perceived higher levels of parental support 18 and parent modeling for healthy eating. 18, 19 However, 1 study found that parents of overweight children were more likely than parents of normal-weight children to support their children's healthy diet and activity choices. 15 These studies included primarily white participants. Given the unique cultural and historical characteristics of AI communities, as well as the higher prevalence of obesity, the findings of these studies may not apply to other populations. There is a paucity of literature for describing the relationship between AI parents' societal health and support behaviors and children's weight, physical activity, and dietary intake. To our knowledge, the current study is the first of its kind to compare AI parents' report of their own diet, physical activity, and support for their child to engage in healthy diet and activity behaviors with their children's weight status.
METHODS
This cross-sectional study was conducted between the summer of 2008 and fall of 2009. Data for the current study were obtained as part of a larger pilot study wherein AI youth aged 10 to 14 years living on or near 2 Northern Plains Indian reservations were recruited to participate in a health intervention for diabetes in AI youth. 20 One parent/guardian of each youth enrolled in the health intervention was invited to participate in this study. If more than 1 parent was available, the parent who made the most household food and activity decisions participated. Parent participants included biological parents, legal guardians, and other caretaking family members. In total, 37 parents were successfully contacted and agreed to participate. Thirty-three pairs of parents and youth completed the assessment measures. Youth and parent assessments were completed before the start of the youth health intervention. The study was approved and monitored by the University of Montana institutional review board. Parents provided written consent and youth assented to participate.
Parent measures
Study staff administered surveys to parents at a location of their choice, such as the home or worksite. Demographic questions included household income and education level to indicate socioeconomic status. 21 The remainder of the survey had 3 parts as described later.
Physical activity behaviors
Parent past-year leisure-time physical activity and daily hours of television viewing were measured using the Modifiable Activity Questionnaire 22, 23 originally developed for use among Pima Indians. Parents completed the paper-and-pencil questionnaire regarding their personal activity behaviors independently. Leisure-time activity responses were converted into metabolic equivalent hours per week (MET h/wk) using the metabolic equivalent (MET) values for activities defined in the Compendium of Physical Activities 24 following the procedure outlined by Kriska et al.
22
Dietary behaviors
Parent past-year dietary intake was measured using the interviewer-administered Block Brief 2000 Food Frequency Questionnaire. 25, 26 Parents indicated how frequently and in what quantity they consumed the questionnaire's 70 common food items and were instructed to respond based exclusively on what they ate and not on what they fed other family members or what they wished they ate. Data were analyzed for total dietary intake (kcals), relative fat intake (% of total kcals), relative saturated fat intake (% of total kcals), and fiber intake (g).
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Support for physical activity and nutrition behaviors
The Social Support for Exercise and the Social Support for Diet instruments were each a 15-item, self-administered paper-and-pencil assessment of parents' report of behaviors they engaged in during the past 3 months to support youth healthy nutrition or physical activity. [27] [28] [29] [30] The wording of the instruments was modified for this study to reflect adult respondents describing their support behaviors for youth (eg, "In the past three months I offered to exercise with my child"), rather than youth's perception of their parent's support as it was originally designed (eg, "During the past three months my family [or members of my household] or friends have offered to exercise with me"). Research staff administered a draft version of the survey to 4 AI adults who currently or previously lived on a Northern Plains Indian reservation to refine the questions.
Responses were scored on a 5-point Likert scale ranging from 1 (none) to 5 (very often), summed for each scale (nutrition and physical activity), and treated as a continuous variable using procedures outlined by Sallis et al. 30 Possible scores ranged from 0 to 75 for each scale. Because this instrument had not been tested in a predominantly AI population, reliability statistics (Cronbach α) were performed on the scales, which indicated high levels of internal consistency for physical activity support (α = .862) and nutrition support (α = .897).
Youth body mass index percentile for age
Trained, tribal research staff collected standardized measures for height and body mass in the study participants. Student standing height was measured once to the nearest 0.25 in using height rods (Seca Model 214, Seca GmbH & Co., Hamburg, Germany), and mass was measured once to the nearest 0.1 lb using a calibrated, digital scale (Seca model 780, Seca GmbH & Co., Hamburg, Germany), without shoes and excess clothing. Height and mass measures were converted to body mass index (BMI) according to the standard formula, weight (kg)/height (m) 2 . BMI was converted to an age-and sex-specific BMI percentile based on the 2000 Centers for Disease Control and Prevention growth charts. 31 Students in the fifth to less than 85th BMI percentile were considered normal weight and students in the 85th or higher BMI percentile were considered overweight/obese.
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Data handling and statistical analysis
Parent and youth data were linked and anonymously coded using the youth participant identification number to protect the participants' privacy. Statistical analyses were performed using SAS v9.2 (SAS Inc., Cary, North Carolina). Variables were descriptively analyzed and assessed for normal distribution before further statistical analysis. Correlations were calculated to assess associations between parent measures and corresponding child BMI percentile. Given the small sample size and the skewed distribution of youth BMI percentile, nonparametric Spearman rank correlations were calculated to assess the relationship between parent variables and youth BMI percentile. Differences in mean scores of parent measures for corresponding children that were normal weight versus overweight/obese were calculated using t test. Odds ratios and 95% confidence intervals for overweight/obese status among children with respect to parent measures were evaluated using logistic regression.
RESULTS
Thirty-three AI youth-parent/guardian pairs participated in the study. The demographic characteristics of all participants and selected household factors are detailed in Table 1 . Parent participants included 28 women and 5 men, aged 43.9 ± 7.7 years. Twentysix participants were their child's biological parents, 4 were legal guardians, and 3 were "other caretaking family members" (eg, brother, aunt, or unspecified). The youth ranged from 10 to 14 years of age, were evenly divided between the sexes, and more than half were overweight/obese. There were significant positive associations between parent support and youth BMI percentile for both physical activity (r s = 0.433, P = .015) and nutrition (r s = 0.406, P = .021) scales. The other parent variables (total dietary intake, fat intake, saturated fat intake, fiber intake, weekly physical activity, and daily television viewing) were weakly associated with youth BMI percentile (r s < |0.250|) (data not shown). Table 2 describes the parent support and behavior measures with respect to BMI percentile category ("normal weight" or "overweight/obese") of their youth. Parent support scores for physical activity and nutrition were significantly greater (P < .05) in the higher youth BMI category. Measures of parent diet and physical activity behaviors (eg, lower television hours, lower dietary fat intake) were not significantly associated with BMI status in youth, but the direction of effect was consistent with the findings for the parent support measures (Table 2) . For every unit increase in parent physical activity support score, there was an 11% increase (95% confidence interval = 1%, 22%) in likelihood that a child would be overweight/obese (Table 3) . Similarly, for every unit increase in parent/guardian nutrition support, there was over a 15% increase (95% confidence interval = 2%, 31%) in likelihood of youth overweight/obesity.
DISCUSSION
Many factors influence a youth's likelihood of becoming overweight or obese. School environments may influence K-12th grade students' weight, physical activity, and dietary intake behaviors. There may be an even greater school environment influence on these variables in cases in which the majority of students qualify for free or reduced meals. In addition to the amount of time spent in school, societal norms and the family environment likely play a strong role in shaping the health behaviors, attitudes, and outcomes of youth in the community. 20 Although the sample size in this study was small, the researchers addressed a question novel to most AI populations to help in directing future research in this field.
In this study, the score for parent support of both youth nutrition and physical activity behaviors was positively associated with overweight/obesity status in youth. This observation contradicted the researchers' a priori hypothesis that high levels of support for nutrition and physical activity would have a protective effect against youth overweight/obesity. The authors acknowledge that the cross-sectional design of this study does not account for causality but can offer some interpretation of the results from their collective experience working in Northern Plains Indian communities. The findings in this study may be attributed to 2 nonmutually exclusive mechanisms. First, it is possible that a child's BMI status of being 15 found that parents of overweight children were more likely to think of ways to increase their child's physical activity, think of ways to reduce their child's caloric intake, encourage the child to be more physically active, and encourage the child to eat more healthfully than parents of normal-weight children. They also found that a parent's accu- rate perception of his/her child's overweight status increased the likelihood that the parent would support or encourage healthful behavioral change in the child. 15 A longitudinal study would help clarify the direction of the relationships for this population.
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Second, there may be reporting bias among parents based on youth BMI status. For example, parents may "overreport" support behaviors from feelings of personal responsibility for youth overweight/obesity. Future research should assess the impact of knowledge of child weight status on parent involvement in BMI-influencing youth behaviors.
A potential moderating factor is the difference in health outcomes to a given health behavior between racial and/or socioeconomic groups. Recent research has highlighted racial and socioeconomic differences in youth obesity even in the presence of assumed healthprotecting behaviors. 17 In their study, Rollins et al 17 found that frequent family meals were associated with lower-weight status in some but not all children, and, further, family meals have been associated with increased obesity in some racial/ethnic groups. Another recent study found that low-income and food-insecure mothers (35% AI) had a greater likelihood of purchasing "less healthy" foods. 32 While the food-purchasing study was conducted in a metropolitan midwestern area with varying socioeconomic status and food security levels, the Northern Plains communities where the authors' study took place can be described as predominantly low-income and food insecure. 33 Given the low socioeconomic level of these communities, future studies should investigate the impact of assumed health-protecting behaviors (eg, family meals) and resources (eg, food nutrition level) on youth obesity.
Additional error may be introduced from parent reporting inaccuracies that may be nondifferential with respect to child's BMI status. The subjectivity of providing personal responses for health behaviors such as diet and physical activity is prone to information error, although this is greatly reduced by using the validated instruments previously described. Coupling surveys with observational methods 34 and objective measures in a larger sample would increase validity and strengthen associations.
Some previous research indicates that children who perceive that their parents support nutrition and create opportunities for healthful eating, as well as model healthful behaviors, are more likely to make healthful food choices. 18, 19 For example, in their study of 366 middle-school children, Young and colleagues 18 found that perceived parent modeling for eating fruits and vegetables and perceived parent support were significant predictors (P < .01) of youth fruit and vegetable consumption in a hierarchical multiple regression model. Cullen et al 19 also found that perceived parent modeling was significantly correlated (r = 0.20, P < .01) with fourth-, fifth-, and sixth-grade youth fruit, juice, and vegetable consumption. It may be valuable for future research to investigate the relationship between child-perceived and parent-perceived support and child weight status.
Since many organizations are starting to incorporate families into childhood obesity prevention programs, it is important to understand how parents may influence their children's health choices. Parental knowledge of healthful behaviors, establishment of the home health environment, and role modeling health behaviors have been shown to influence youth nutrition, physical activity, and sedentary behavior. [35] [36] [37] [38] Previous research also indicated that many schoolbased interventions for obesity prevention have not successfully curbed obesity rates, perhaps partially due to lack of incorporating the household in the intervention, and that youth in ethnic minority populations are highly influenced by the cultural, social, and familial factors that influence attitudes toward food, physical activity, weight, and health issues. 17, 39 Borra et al 40 reported that youth health education should involve the family unit and address negative connotations about "healthy eating" and "activity" among youth and their parents. These studies underscore the need to include parents in health promotion programs for AI youth. 39, 40 Parents could be made aware of things that are considered supportive health behaviors such as having fruits and vegetables readily available for snacks, not providing high-fat or high-sugar content foods, encouraging physical activity, and discouraging sedentary behaviors like video games and other "screen" activities. 18, 21 There were limitations to the current study. For example, this ancillary study was not powered to detect differences in parents' dietary intake and physical activity and support for their child to engage in healthy diet and activity behaviors and their children's weight status. Given the anticipated imprecision from this study, the association between parents' dietary intake and physical activity behaviors and their child's BMI was not significant. AI parents and their children from 2 reservations in 1 geographic area participated in the study and thus, findings from this study may not be translatable to other AI communities. There are also inherent weaknesses associated with self-report measures. Despite these limitations, every effort was made to use validated,
state-of-the-art scientific instruments and elicit accurate responses from participants. A final limitation is the small sample of convenience. Because this is an ancillary and exploratory study, the authors are cautious to conclude specific associations between parent/guardian attitudes or behaviors and youth overweight/obesity.
In this study, as with many others, the high prevalence of youth overweight/obesity is cause for alarm. Early detection and accurate perception of youth overweight/obesity may be one way to prompt parent supportive behaviors. Parent support behaviors may change over time, and future research is needed to determine the factors that would drive this change and over what time period such change would occur. Focusing assessments and programs at the family level, and on prevention and early intervention rather than treatment, may improve the success of nutrition and physical activity interventions for AI youth. Indeed, the schools and United States Department of Agriculture (USDA) commodity distribution centers in the 2 participating communities have taken recent strides to provide healthful school meals and provide USDA commodity recipients with knowledge and skills to prepare healthful meals at home.
In conclusion, parents are important role models and decision makers in their children's lives. Our study suggests that parent support for positive child diet and physical activity, and possibly parents' own behavior as well, is not independent of their child's BMI status. Parents might increase support for their child to engage in healthy eating and physical activity if they perceive their child as overweight or obese. This study addressed a novel question in understanding parental factors that might influence overweight/obesity among Northern Plains Indian youth. Further research is warranted to fully understand familial or societal factors that contribute to youth overweight/obesity and to better define the role of family and society in obesity prevention for AI youth.
